Abstract. GRB 040403 is one of the faintest gamma-ray bursts for which a rapid and accurate localization has been obtained. Here we report on the gamma-ray properties of this burst, based on observations with the IBIS instrument aboard INTEGRAL, and the results of searches for its optical afterglow. The steep spectrum (power law photon index = 1.9 in the 20-200 keV range) implies that GRB 040403 is most likely an X-ray rich burst. Our optical limit of R>24.2 at 16.5 hours after the burst, indicates a rather faint afterglow, similar to those seen in other relatively soft and faint bursts.
Introduction
Gamma-ray bursts (GRBs) are extremely energetic cosmic explosions associated with the death of massive stars (see, e.g., Hurley, Sari and Djorgovski 2002 for a recent review). Multi-waveband observations, made possible by accurate (arc minutes) and fast (minutes) localizations of the rapidly fading gamma-ray emission, are crucial for the development of an understanding of this phenomenon. Rapid follow-up observations also provide a unique oppor-tunity to probe the early universe, as typical GRB redshifts are of order unity. Currently, fast localizations are obtained for a few dozen GRBs per year, based on detections with HETE II and INTEGRAL (Lamb et al. 2003; Mereghetti et al. 2004) . A significant increase in this rate is expected with the imminent launch of the Swift satellite (Gehrels et al. 2004) . It has been pointed out that, thanks to the high sensitivity of its IBIS instrument (Ubertini et al. 2003) , the sample of INTEGRAL GRBs is likely to contain a large fraction of bursts at high redshift (Gorosabel et al. 2004) . In this respect, the faintest and spectrally softest bursts are the most promising cosmological probes.
On 2004 April 3, a faint GRB triggered the INTEGRAL Burst Alert System (IBAS, Mereghetti et al. 2003a ). An IBAS Alert Packet contain-ing the burst coordinates with an uncertainty of only 2.8 ′ was automatically distributed at 05:08:29 UT. The first photons from the burst had reached the INTEGRAL satellite only 30 s earlier. This is therefore one of the most precise and rapid GRB localization obtained to date. A quick look analysis of the data confirmed the automatically derived position and indicated some evidence for a relatively soft spectrum . A refined analysis, announced within three hours of the GRB event, reduced the positional uncertainty to 2.1 ′ . Despite being at a Galactic latitude (b=30
• ) higher than the majority of INTEGRAL bursts ) and thus barely affected by interstellar extinction (A V ∼0.3), optical follow-ups of GRB 040403 were somewhat discouraged by the presence of a full moon.
Here we present a detailed analysis of the INTEGRAL data and the results of searches for the optical afterglow carried out at the Observatory of Sierra Nevada (OSN) and at the Nordic Optical Telescope (NOT). We also report on pre-GRB images obtained with the Burst Alert Robotic Telescope (BART) at the Ondrejov Observatory, which allow us to place constraints on the presence of optically variable sources before the onset of the prompt GRB emission. To our knowledge, GRB 040403 was not detected by other satellites, 1 and no follow up observations were performed in the X-ray and radio ranges.
INTEGRAL observations
The data presented here were obtained with ISGRI , the lower energy detector of the IBIS imaging instrument. Due to its 15 keV -1 MeV energy range, large field of view, high time resolution and good spatial resolution, ISGRI provides the best data used by IBAS for real time search and localization of GRBs.
GRB 040403 occurred at off-axis angles of Z=-4.28
• and Y=-4.34
• , in the fully coded region of the instrument field of view 2 . The top panels of Fig.1 show the light curves in the soft (15-40 keV) and hard (40-200 keV) ranges. The burst profile exhibits a single peak with a rise time of about 5 s and a slower decay. The T 90 duration is 19 s. The decay time scale is longer in the softer energy band, indicating the presence of spectral hard-to-soft evolution, as observed in many GRBs. This is demonstrated by the hardness ratio evolution (third panel of Fig.1 ) and by the time resolved spectral analysis described below. We computed the cross correlation between the light curves at energies below and above 40 keV, and found that the soft light curve has a time lag of 0.6±0.1 s.
In order to measure the time integrated spectrum and the fluence we extracted the counts in a 30 s long time in-terval starting at 5:08:00 UT. This yielded about 2500 net counts. For the spectral analysis we used the most recent response matrix, which takes into account the effects of the off-axis angle dependence of the mask transparency. −7 erg cm −2 and the peak flux ∼0.50 photons cm −2 s −1 (over a 1s time interval). Time resolved spectral analysis yields the power law photon indexes shown in the lowest panel of Fig.1 , confirming the hard-to-soft spectral evolution derived from the hardness ratio.
An acceptable fit to the time averaged spectrum could also be obtained with a Band function (Band et al. 1993) , which has two more free parameters than the simple power law adopted above. However, owing to the limited statistics and reduced energy range the fit parameters cannot be constrained. The best fit is found for α ∼ -1.5, E p ∼60 keV, and β >-3.
We also recomputed the GRB position by producing images in different energy ranges and time intervals. The highest signal to noise ratio was obtained in the 15-100 keV range and the corresponding position of GRB 040403 is α J2000 = 7 h 40 m 54 s , δ J2000 = +68
• 12 ′ 55 ′′ . This position, based on the final attitude reconstruction derived for the satellite, is consistent with and supersedes the refined position reported less than three hours after the GRB event . The 90% confidence level error radius for the GRB position is 2 ′ . GRB 040403 was not detected above 120 keV, consistent with the soft spectrum discussed above.
Optical observations

Pre-burst imaging
The robotic telescope BART (Jelinek et al. 2003) observed the position of GRB 040403 on April 3, 2004 with two wide-field cameras. Images of the GRB position were obtained at 03:17:32 and 03:36:01 UT (mid-points of 120 s long exposures) i.e. 112 and 93 min before the burst. No variable optical object was detected within the GRB error box. Relatively poor weather conditions limit our ability to reach very faint magnitudes. The magnitude constraints on any pre-GRB emission obtained for these images are R>12 and I>11.6. The second image was the last usable observation before images started to get overexposed due to the rising sun.
Search for optical afterglow emission
Following the IBAS trigger, we observed the field of GRB 040403 at optical wavelengths starting April 3.83 UT, with the 1.5 m telescope at the OSN in Granada and with the 2.5 m NOT telescope in La Palma. The OSN images in the The NOT observations were obtained with the Standby camera (StanCam). As the field of view of StanCam is only 3 arcmin square, a 2×2 mosaic was acquired, in order to cover the entire error-box, each mosaic element consisting of three integrations of 300 s. The observations were initiated on April 3.890 UT, with a mean epoch of April 3.940 UT. The seeing was ∼0.80 ′′ resulting in a 3σ limiting magnitude of R=24.2. During the following night, second epoch imaging was carried out, but due to poor seeing and partial cloud cover, it was not nearly as deep as the images from the previous epoch. Visual comparison did not reveal any variable object. Subsequent NOT observations, during a possible SN re-brightening phase 10 days after the GRB, were planned but not conducted, due to enduring bad weather. To fully exploit the depth of the first epoch observations, a deeper R-band image was acquired on June 21, 2004, using ALFOSC at the NOT, which covers the entire error box in a single exposure. The resulting image, which was composed of five 300 s exposures, obtained under seeing of 0.85 ′′ , reaches half a magnitude deeper than the first epoch images. Visual comparison of the residual image after image subtraction does not reveal any variable source to the detection limit of the first epoch. The position dependent variable PSF of the ALFOSC images effectively prevents quantitative image subtraction from being employed on this data set. We decided not to combine the OSN and the NOT data, as the difference in depth and seeing is too large to allow a significantly lower limit from combined data. Several galaxies fainter than R∼20 contained in the INTEGRAL error region could be considered as the potential GRB host, but, lacking a more precise position, none can be singled out.
Discussion
GRB 040403 is one of the faintest GRBs detected by INTEGRAL to date. The soft spectrum measured with ISGRI indicates that it likely belongs to the class of X- ray rich GRBs. The distinction between normal GRBs, X-ray rich GRBs and X-ray Flashes (XRF) is somewhat arbitrary, but a widely used definition is based on the ratio of the fluences in the 2-30 and 30-400 keV energy ranges, S = Log(F 2−30 /F 30−400 ). XRFs have S>0, normal GRBs have S<-0.5, and bursts with intermediate values are considered X-ray rich (Lamb et al. 2003) . We do not have information on the GRB 040403 spectrum below 15 keV 3 and we have only ISGRI upper limits above ∼150 keV. Assuming that the GRB spectrum is well represented by a single power law over the entire relevant range, we infer S = -0.11±0.18. Only a significant spectral flattening to a photon index of ∼0.5 below ∼20-30 keV would result in values of S closer to those observed in typical GRBs. Also adopting Band spectra with various parameter values in the range allowed by our spectral fits, we obtain values of S larger than -0.5. We thus conclude that GRB 0040403 was most likely a member of the class of X-ray rich GRBs.
Our afterglow limit of R>24.2 at 16.5 hours after the burst and those reported soon after the event (R ≥ 19 at 1.1 hr; Moran et al. 2004 ) are rather constraining, compared to the majority of limits obtained to date for other bursts. Most of the observed GRB afterglows are brighter than R∼23 at t=1 day (Fynbo et al. 2001; Fox et al. 2003; Berger et al. 2002) . It is interesting to note that a similarly faint optical afterglow was reported also for GRB 030227, another faint and spectrally soft
